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(57) ABSTRACT

A mobile body configured so that multiple mobile robots can
travel along the same track in formation even when an
obstacle 1s present on the travel path of the mobile robots,
and a method of controlling the mobile body. This mobile
body (100) includes: a map storage (6) that stores travel path
information; and an intelligence processor (10) that recog-
nizes whether or not an object 1n the periphery 1s a mobile
body to be followed (101). When the object 1s the mobile
body to be followed (101) and the mobile body to be
tollowed (101) does not exist on a travel path (16) indicated
by the travel path information, the intelligence processor
(10) sets a position on the travel path (16) in which the
mobile body to be followed (101) 1s projected, as a tempo-
rary destination (17).
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MOBILE BODY AND METHOD OF
CONTROLLING MOBILE BODY

TECHNICAL FIELD

The present invention relates to a mobile body and a
method of controlling the mobile body. To be specific, the
present invention relates to a mobile body configured so that,
when multiple movable bodies travel along the same track,

they travel 1n formation, and also to a method of controlling
these movable bodies.

BACKGROUND ART

As conventional technology for formation traveling of
mobile robots, mobile robot technology 1s generally known
in which a target (a person, a mobile robot and/or the like)

to be followed 1s detected using a range sensor provided at
the front of the mobile robot and the mobile robot travels
while following the target.

However, with this technology, when a target other than
a target to be followed exists around the mobile robot, 1t 1s
difficult for the mobile robot to distinguish the target to be
tollowed from the other target.

For example, when multiple persons exist around the
mobile robot to be followed, a person 1s erroneously recog-
nized as the mobile robot to be followed. In some cases, the
mobile robot to be followed 1s lost somewhere 1n the middle
and a person 1s recognized as a target to be followed.

As technology for solving such a problem, a control
method 1s known in which a travel path 1s prestored in each
mobile body, and the movable bodies move autonomously at
the same speed so that the movable bodies travel along the
same track 1n formation (see, for example, PTL 1).

To achieve such formation traveling along the same track,
the movable bodies in the formation need to move autono-
mously on a predesignated track while precisely recognizing
its current position.

As technology for seli-location recognition 1n autono-
mous mobile robots, a method 1s known in which the
position of a landmark on a prestored map 1s checked against
the position of the landmark obtained from the range sensor.

FIG. 16 1s a diagram showing an image of multiple
movable bodies traveling along the same track 1n formation
according to PTL 1. Mobile robot 20 to be followed and
tollowing mobile robot 50 each have range sensor 40.

These mobile robots 20 and 50 store an environmental
map and travel 1n a recognized environment. Mobile robot
20 to be followed autonomously moves along a predesig-
nated path at a designated speed while recognizing its
self-position using range sensor 40. Following mobile robot
50 also autonomously moves along the predesignated path at
the designated speed while recogmzing 1ts self-position
using range sensor 40.

At this time, mobile robots 20 and 50 travel at the same
speed; therefore, 11 following mobile robot 50 starts opera-
tion with a certain distance therebetween, these mobile
robots 20 and 50 can travel along the same track 1n forma-
tion while keeping a certain distance therebetween.

CITATION LIST
Patent Literature

PTL 1
Japanese Patent Application Laid-Open No. 2011-169055
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2
SUMMARY OF INVENTION

Technical Problem

However, with conventional technology, when mobile
robot 20 to be followed goes around an obstacle existing on
the travel path or decelerates, the problem arises that mobile
robot 20 to be followed gets passed by following mobile
robot 50 and the formation 1s broken.

An object of the present invention, which has been made
to solve such a problem, i1s to provide a mobile body
configured so that multiple mobile robots can travel along
the same track 1n formation even when an obstacle exists on
the travel path of the mobile robots, and a method of
controlling the mobile body.

Solution to Problem

In order to achieve the object mentioned above, a mobile
body according to the present invention includes: a map
storage that stores travel path information; and an intelli-
gence processor that recognizes whether or not an object 1n
a periphery 1s a mobile body to be followed, 1n which, when
the object 1s the mobile body to be followed and the mobile
body to be followed does not exist on a travel path indicated
by the travel path information, the intelligence processor
sets a position on the travel path in which the mobile body
to be followed 1s projected, as a temporary destination.

In order to achieve the object mentioned above, a method
of controlling a mobile body, according to the present
invention includes: recognizing whether or not an object 1n
a periphery 1s a mobile body to be followed; and setting,
when the object 1s the mobile body to be followed and the
mobile body to be followed does not exist on a travel path
indicated by travel path information, a position on the travel

path 1n which the mobile body to be followed 1s projected,
as a temporary destination.

Advantageous Effects of Invention

According to the present invention, in the case where
multiple mobile robots are operated to travel along the same
track in formation using autonomous mobile technology,
formation traveling can be continued without breaking the
formation even 1n the event that a mobile robot to be
followed decelerates due to some intluence.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 1s a perspective view showing one example of a
mobile robot:

FIG. 2 1s a block diagram showing one example of a
controller of a mobile robot according to Embodiment 1;

FIG. 3 1s a diagram showing one example of a map
indicated by map information stored in a map storage;

FIG. 4 1s a flow chart of one example of autonomous
movement control processing performed by a controller;

FIG. 5 1s a diagram showing one example of autonomous
movement of a mobile robot:;

FIG. 6 1s a diagram showing an image of formation
traveling of mobile robots;

FIG. 7 1s a flow chart showing one example of local
destination calculation processing for a mobile robot accord-
ing to Embodiment 1;

FIG. 8 shows an 1image 1n which a range sensor detects a
recognition mark within a scanning range;
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FIG. 9 shows an 1image 1n which the range sensor detects
an obstacle within the scanming range;

FIG. 10 1s a diagram showing an image in which the
intersection point of a mobile robot serving as a master unit
and the travel path of a mobile robot serving as a slave unit
1s set as local destination:

FIG. 11 1s a diagram showing an example of setting a
point on the travel path of a mobile robot serving as a slave
unit at which a mobile robot serving as a master unit 1s
projected, as a local destination;

FI1G. 12 1s a diagram showing another example of setting
a point on the travel path of a mobile robot serving as a slave
unit at which a mobile robot serving as a master unit 1s
projected, as a local destination;

FIG. 13 1s a diagram showing still another example of
setting a point on the travel path of a mobile robot serving
as a slave unit at which a mobile robot serving as a master
unit 1s projected, as a local destination;

FIG. 14 1s a diagram showing an 1image of calculation of
local destination in Step S27;

FIGS. 15A to 15C are diagrams showing an image of
formation traveling of mobile robots;

FIG. 16 1s a diagram showing an image of multiple
movable bodies travelling along the same path in formation
according to PTL 1;

FIG. 17 1s a block diagram showing one example of a
controller of a mobile robot according to Embodiment 2;

FIG. 18 1s a flow chart showing one example of local
destination calculation processing for a mobile robot accord-
ing to Embodiment 2;

FIG. 19 shows an 1image in which a range sensor detects
a mobile robot within a scanning range;

FIG. 20 1s a diagram showing an image in which the
intersection point of a mobile robot serving as a master unit
and the travel path of a mobile robot serving as a slave unit
1s set as local destination;

FIG. 21 1s a diagram showing an example of setting a
point on the travel path of a mobile robot serving as a slave
unit at which a mobile robot serving as a master unit 1s
projected, as a local destination;

FI1G. 22 1s a diagram showing another example of setting
a point on the travel path of a mobile robot serving as a slave
unit at which a mobile robot serving as a master unit 1s
projected, as a local destination; and

FIG. 23 1s a diagram showing still another example of
setting a point on the travel path of a mobile robot serving
as a slave unit at which a mobile robot serving as a master
unit 1s projected, as a local destination.

DESCRIPTION OF EMBODIMENTS

Embodiment 1 of the present invention will now be
described with reference to the accompanying drawings. It
should be noted that the same components are denoted by
the same reference numerals. Further, the components 1n the
drawings are schematically shown for convenience of under-
standing.

The configuration of a mobile robot according to Embodi-
ment 1 of the present invention will now be described. FIG.
1 1s a perspective view showing one example ol mobile
robot 100. Mobile robot 100 includes mobile robot main
body 3, a pair of driving wheels 1 provided at the lower rear
of mobile robot main body 3, one sub wheel 2 provided at
the lower front of mobile robot main body 3, range sensor
4 provided at the upper front of mobile robot main body 3,
and controller 5 provided 1n mobile robot main body 3.
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In addition, a recognition marker unique to each mobile
robot 100 1s attached on the back side of mobile robot main
body 3. The recognition marker 1s recognized by range
sensor 4 of another mobile robot 100 following that mobile
robot 100. The recognition marker 1s provided on the same
level as range sensor 4.

Driving wheels 1 1n a pair are members for supporting,
mobile robot main body 3 together with sub wheel 2. As
shown 1 FIG. 1, dnving wheels 1 1n a pair rotate in the
direction of arrow a, thereby causing mobile robot 100 to
travel 1n the direction of arrow b (the travel direction). In
addition, driving wheels 1 1n a pair can separately rotate 1n
the direction of arrow a and the direction opposite to that of
arrow a. As driving wheels 1 1n a pair rotate in different
directions, mobile robot 100 can perform spin turn opera-
tion.

As described above, sub wheel 2 1s a member that
supports mobile robot main body 3 together with the pair of
driving wheels 1. As described above, sub wheel 2 1s
attached at the lower front of mobile robot main body 3
rotatably about an axis perpendicular to the running surface.

Range sensor 4 1s a sensor that detects an object within the
scan range of range sensor 4. In other words, range sensor
4 detects an object present in the periphery. In addition,
range sensor 4 detects a recognition marker attached to the
back side of mobile robot main body 3. Range sensor 4 1s,
for example, range sensor 4 using laser beams. Range sensor
4 1s attached to the part of mobile robot main body 3 which
1s located at the frontmost along the traveling direction.

FIG. 2 1s a block diagram showing one example of
controller 5 of mobile robot 100 according to Embodiment
1 of the present invention. Controller 5 includes map storage
6, destination setting processor 7, sensor data acquisition
processor 8, self-position estimation processor 9, intelli-
gence processor 10, and driving wheel controller 11.

Map storage 6 1s a storage that stores map information
related to a space 1n which mobile robot 100 moves. FIG. 3
1s a diagram showing one example of a map indicated by the
map nformation stored in map storage 6. The map infor-
mation may be two-dimensional spatial information or
three-dimensional spatial information. As shown 1n FIG. 3,
in the map mformation stored in map storage 6, several
destinations 15 and travel path 16 connecting these desti-
nations 15 are preset. In other words, map storage 6 stores
travel path mformation related to mobile robot 100. Indi-
vidual destination numbers are assigned to the respective
destinations 15 set in the map information.

Destination setting processor 7 1s a processor that regis-
ters a specific position 1n the map information stored 1n map
storage 6 as a mobile destination of mobile robot 100.
Destination 13 1s set by setting the stored destination number
corresponding to each destination 15.

Sensor data acquisition processor 8 1s an mput section for
inputting measurement data measured by range sensor 4.
The measurement data acquired by sensor data acquisition
processor 8 1s transmitted to self-position estimation pro-
cessor 9.

Self-position estimation processor 9 1s a processor that
calculates i1nformation of the coordinates of the current
position of mobile robot 100 based on the map information
stored 1n map storage 6 and the measurement data acquired
by sensor data acquisition processor 8.

Intelligence processor 10 receives the map information
stored 1n map storage 6, the measurement data measured by
range sensor 4, the destination number set by destination
setting processor 7, mformation of the coordinates of the
current position calculated by self-position estimation pro-
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cessor 9, and the like. Intelligence processor 10 1s a proces-
sor that performs, for example, obstacle recognition, 1den-
tification of each mobile robot 100, generation of path
information related to a path along which mobile robot 100
travels, based on these received information.

Driving wheel controller 11 controls driving wheels 1
based on the path information generated by intelligence
processor 10. Driving wheel controller 11 includes, for
example, a servomotor, and drives driving wheels 1 through
the servomotor.

The autonomous mobile operation of mobile robot 100
will now be described. FIG. 4 1s a flow chart of autonomous
movement control processing executed by controller 5.

In this autonomous movement control processing, desti-
nation setting processor 7 first sets destination 15 (Step S1).

In this case, destination setting processor 7 transmits the
destination number of destination 15 to intelligence proces-
sor 10. In addition, mtelligence processor 10 acquires map
information from map storage 6. Hence, intelligence pro-
cessor 10 recognizes the coordinates of destination 135
toward which mobile robot 100 1s going to travel, and travel
path 16 to destination 15.

Path follow-up processing 1s then executed. This path
follow-up processing allows mobile robot 100 to move
along the path recognized by intelligence processor 10.

The path follow-up processing includes local destination
calculation processing (Step S2), destination arrival deter-
mination processing (Step S3), and local path follow-up
processing (Step S4).

In local destination calculation processing (Step S2),
intelligence processor 10 calculates and sets a local desti-
nation. A local destination 1s the closest temporary destina-
tion to be currently reached. A specific calculation method
will be explained later.

Next, 1 destination determination processing (Step S3),
intelligence processor 10 determines whether or not mobile
robot 100 has arrived at destination 15.

To be specific, intelligence processor 10 determines
whether or not the local destination matches destination 15,
and 1f they match, calculates the distance between the
current position of mobile robot 100 calculated by seli-
position estimation processor 9, that 1s, the selif-position and
destination 135 set by destination setting processor 7.

Subsequently, 1f the distance 1s less than or equal to
predetermined certain distance N, intelligence processor 10
determines that mobile robot 100 has arrived at destination
15. In contrast, when the local destination does not match

destination 15 or when the distance 1s greater than distance
N, 1t 1s determined that mobile robot 100 has not arrived at
destination 15.

If 1t 1s determined that mobile robot 100 has not arrived
at destination 15 (No 1n Step S3), in the local path follow-up
processing (Step S4), intelligence processor 10 receives
information about the current self-position from self-posi-
tion estimation processor 9 and calculates the shortest path
from the current self-position to the local destination.

Intelligence processor 10 outputs a command to driving,
wheel controller 11 so that mobile robot 100 travels along
the calculated shortest path. Driving wheel controller 11
controls driving wheel 1 according to the command received
from 1intelligence processor 10.

The shortest path may be calculated using, for example,
the A *(a-star) algorithm. This algorithm can calculate the
shortest path going around obstacles even 1n the event that
an obstacle exists.

Further, during calculation of the shortest path from the
current self-position to the local destination, intelligence
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6

processor 10 determines whether or not the distance of the
shortest path from the current seli-position to the local
destination has become less than predetermined distance M.

When the distance of the shortest path becomes less than
distance M, intelligence processor 10 determines that mobile
robot 100 should temporarily stop. Intelligence processor 10
then instructs driving wheel controller 11 to stop the work-
ing of driving wheels 1. Hence, mobile robot 100 stops.

When the distance between the self-position of mobile
robot 100 and the local destination becomes greater than or
equal to distance M again after intelligence processor 10
determines that mobile robot 100 should temporarily stop,
intelligence processor 10 determines that the movement
should be restarted. In this case, intelligence processor 10
instructs driving wheel controller 11 to restart the working of
driving wheels 1. Consequently, the movement of mobile
robot 100 restarts.

In this way, local destination calculation processing (Step
S2), destination arrival determination processing (Step S3),
and local path follow-up processing (Step S4) are repeated
until 1t 1s determined that mobile robot 100 has arrived at
destination 15 1n Step S3. Hence, mobile robot 100 gradu-
ally approaches destination 15.

When it 1s determined that mobile robot 100 has arrived
at destination 15 1 Step S3 (Yes 1 Step S3), mntelligence
processor 10 instructs driving wheel controller 11 to stop the
working of driving wheels 1. Hence, the movement of
mobile robot 100 stops (Step S5).

The behavior of mobile robot 100 controlled by autono-
mous movement control processing will now be described.
FIG. § 1s an image diagram showing one example of
autonomous movement of mobile robot 100 according to
Embodiment 1 of the present invention. In the example
shown 1n FIG. 5, it 1s assumed that destination 15 and travel
path 16 have already been set 1n Step S1 of the autonomous
movement control processing shown 1n FIG. 4.

The top-row diagram in FIG. 5 shows a state in which
mobile robot 100 1s traveling along shortest path 18 toward
local destination 17 set on travel path 16 to destination 15 at
time T=tl. In the muddle-row diagram in FIG. 5, mobile
robot 100 1s traveling along shortest path 18 toward local
destination 17 set on travel path 16 at time T=t2 which 1s
after time T1.

While mobile robot 100 1s traveling toward local desti-
nation 17, intelligence processor 10 repeats local destination
calculation processing (Step S2), destination arrival deter-
mination processing (Step S3), and local path follow-up
processing (Step S4) which have been described with ref-
erence to FIG. 4.

In the bottom-row diagram in FIG. 5, mobile robot 100 1s
traveling along shortest path 18 toward local destination 17,
which matches destination 15, at time T=t3 which 1s after
time 12.

In this case, intelligence processor 10 determines whether
or not the distance between the current self-position of
mobile robot 100 calculated by self-position estimation
processor 9 and destination 135 set by destination setting
processor 7 1s less than or equal to distance N, thereby
determining whether or not mobile robot 100 has arrived at
destination 15.

Formation traveling using multiple mobile robots 100 waill
now be described. FIG. 6 1s a diagram showing an 1image of
formation traveling of mobile robots 100 according to an
embodiment of the present invention. Here, two mobile
robots 101 and 102 travel in formation as an example.

Mobile robot 101 1s a master unit to be followed and
mobile robot 102 1s a following slave unit. First, local
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destination calculation processing (Step S2) described 1n
FIG. 4 will be described 1n more detail. FIG. 7 1s a flow chart
showing local destination calculation processing.

In local destination calculation processing, first, intelli-
gence processor 10 determines whether or not mobile robot 5
101, which 1s a master unit, exists within the scanning range
of range sensor 4 (Step S21).

Whether or not mobile robot 101 serving as the master
unit exists within the scanning range 1s determined depend-
ing on whether or not range sensor 4 has detected recogni- 10
tion marker 12 attached to the back side of mobile robot 101
within the scanning range.

FIG. 8 shows an 1mage in which range sensor 4 detects
recognition marker 12 within scanning range 70. In the case
where recognition marker 12 attached to mobile robot 101 15
serving as a master unit exists within scanning range 70 of
range sensor 4 provided in mobile robot 102 serving as a
slave unit, recognition marker 12 on master unit 101 1s
detected by range sensor 4 of mobile robot 102 serving as a
slave unit. 20

When mobile robot 101 serving as a master unit exists
within scanning range 70 of range sensor 4 (Yes 1 Step
S21), intelligence processor 10 determines whether or not
recognition marker 12 exists on travel path 16 of mobile
robot 102 serving as a slave unit (Step S22). 25

When 1t 1s determined that recognition marker 12 exists
on travel path 16 of mobile robot 102 serving as a slave unit
(Yes 1n Step S22), intelligence processor 10 calculates the
intersection point ol mobile robot 101 serving as a master
unit and travel path 16 of mobile robot 102 serving as a slave 30
unit, sets the intersection point as local destination 17 (Step
S23), and terminates the local destination calculation pro-
cessing.

When 1t 1s determined that recogmition marker 12 does not
exist on travel path 16 of mobile robot 102 serving as a slave 35
unit (No 1 Step S22), intelligence processor 10 calculates
the point on travel path 16 at which mobile robot 101 serving,
as a master unit 1s projected, sets that point as local desti-
nation 17 (Step S24), and terminates the local destination
calculation processing. 40

When recognition marker 12 1s not detected within scan-
ning range 70 of range sensor 4 (No 1n Step S21), intelli-
gence processor 10 determines the presence or absence of
any obstacle other than the master unit having recognition
marker 12 within scanning range 70 of range sensor 4 (Step 45
S25).

FIG. 9 shows an 1image 1n which range sensor 4 detects
obstacle 19 within scanning range 70. In the case where
obstacle 19 exists within scanning range 70 of range sensor
4, obstacle 19 i1s detected by range sensor 4 ol mobile robot 50
102 serving as a slave machine.

When obstacle 19 exists within scanning range 70 of
range sensor 4 provided on mobile robot 102 serving as a
slave unit (Yes i Step S235), mtelligence processor 10
determines whether or not obstacle 19 exists on travel path 55
16 of mobile robot 102 serving as a slave unit (Step S26).

When 1t 1s determined that obstacle 19 exists on travel
path 16 of mobile robot 102 serving as a slave unit (Yes in
Step S26), intelligence processor 10 calculates the intersec-
tion point ol obstacle 19 and that travel path 16, sets the 60
intersection point as local destination 17 (Step S27), and
terminates the local destination calculation processing.

The reason for setting local destination 17 as the inter-
section point of obstacle 19 and travel path 16 1s that when
obstacle 19 1s detected on travel path 16, that obstacle 19 1s 65
highly possibly a person or other moving objects. Suppose,
for example, that a person walking across travel path 16 1s
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detected on travel path 16 during formation traveling. In this
case, 1f mobile robot 101 serving as a master unit and mobile
robot 102 serving as a slave unit each try to go around the
walking person, the formation of mobile robots 101 and 102
may collapse. Therefore, when obstacle 19 1s detected on
travel path 16, itelligence processor 10 temporarily sets
local destination 17 on travel path 16. In this case, when the
person moves from travel path 16 to out of scanning range
70, mobile robots 101 and 102 restart to move.

When obstacle 19 does not exist within scanning range 70
of range sensor 4 of mobile robot 102 serving as a slave unit
(No 1 Step S25), intelligence processor 10 calculates the
position on travel path 16 a certain distance ahead, sets the
position as local destination 17 (Step S28), and terminates
the local destination calculation processing.

Similarly, when obstacle 19 detected by range sensor 4
does not exist on travel path 16 of mobile robot 102 serving
as a slave unit (No 1 Step S26), intelligence processor 10
sets local destination 17 to a position a predetermined
distance ahead on that travel path 16 (Step S28). However,
il intelligence processor 10 determines that mobile robot 102
serving as a slave umt will collide with obstacle 19 before
reaching the position on travel path 16 a certain distance
ahead, mobile robot 102 goes around obstacle 19 and travels
to local destination 17 that i1s set a certain distance ahead.

Next, a method of calculating local destination 17 1n
processing of Steps S23, S24, S27, and S28 shown 1n FIG.
7 will be described.

FIG. 10 1s a diagram showing an image in which the
intersection point of mobile robot 101 serving as a master
unit and travel path 16 of mobile robot 102 serving as a slave
unit 1s set as local destination 17 by intelligence processor
10.

As shown 1n FIG. 10, mn Step S23, the intersection of
travel path 16 of mobile robot 102 serving as a slave unit and
recognition marker 12 1s set as local destination 17.

FIGS. 11 to 13 are diagrams showing an image in which
mobile robot 101 serving as a master unit 1s projected at a
point on travel path 16 of mobile robot 102 serving as a slave
unmit, and the point 1s set as local destination 17 by intelli-
gence processor 10.

As shown 1n FIG. 11, 1n Step S24, the distance between
the position (for example, the midpoint of recognition
marker 12) of mobile robot 101 serving as a master unit and
the position of mobile robot 102 serving as a slave unit (for
example, the center of range sensor 4) 1s calculated, and an
arc having the distance as a radius and centered on the center
of range sensor 4 1s drawn. Subsequently, the intersection
point of this arc and travel path 16 of mobile robot 102
serving as a slave unit 1s set as local destination 17.

The intersection point of travel path 16 and a straight line
extending perpendicularly to the travel direction of mobile
robot 100 from the position of mobile robot 100 may be set
as local destination 17. For example, as shown 1n FIG. 12,
a straight line connecting the leftmost point and the right-
most point of recognition marker 12 1s drawn as viewed
from mobile robot 102 serving as a slave unit 1s drawn, and
the 1ntersection point of the straight line and travel path 16
of mobile robot 102 serving as a slave unit may be set as
local destination 17.

Alternatively, as shown 1n FIG. 13, a perpendicular may
be drawn from the midpoint of recognition marker 12 to
travel path 16 of mobile robot 102 serving as a slave unit,
and the itersection point of the perpendicular and that travel
path 16 may be set as local destination 17.

FIG. 14 1s a diagram showing an image of calculation of
local destination 17 1 Step S27. In Step S27, as shown 1n
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FIG. 14, the intersection point of obstacle 19 and travel path
16 of mobile robot 102 serving as a slave unit 1s set as local
destination 17.

In Step S28, as described above, the position certain
distance L ahead of the current position of mobile robot 102
serving as a slave unit along travel path 16 1s set as local
destination 17.

Formation traveling will now be described 1n detal.
FIGS. 15A to 15C are diagrams showing an image of
formation traveling of mobile robots 100 according to an
embodiment of the present invention.

FIG. 15A shows a state in which obstacle 19 does not exist
on travel path 16 of mobile robot 101. Since obstacle 19 does
not exist on travel path 16, mobile robot 101 serving as a
master unit calculates local destination 17 in the processing,
of Step S28 and autonomously moves.

On the other hand, mobile robot 102 serving as a slave
unit, which has detected recognition marker 12 on mobile
robot 101 serving as a master unit on travel path 16,
calculates local destination 17 1n the processing of Step S23
and autonomously moves.

FIG. 15B shows a state 1n which obstacle 19 exists near
travel path 16 and mobile robot 101 serving as a master unit
temporarily deviates from travel path 16.

Since obstacle 19 does not exist on travel path 16, mobile
robot 101 serving as a master unit performs calculation so
that local destination 17 1s located on travel path 16 in the
processing of Step S28 and autonomously moves.

However, when 1ntelligence processor 10 determines that
the mobile robot will collide with obstacle 19 11 the mobile
robot keeps going along travel path 16, shortest path 18 to
local destination 17 1s a path that goes around obstacle 19 1n
order to avoid collision with obstacle 19. In other words,
intelligence processor 10 of mobile robot 101 serving as a
master unit determines to perform operation for going
around obstacle 19.

On the other hand, mobile robot 102 serving as a slave
unit, which has detected recognition marker 12 in scanning,
range 70 of range sensor 4, calculates local destination 17 in
the processing of Step S24 and autonomously moves. In
other words, mobile robot 102 serving as a slave unit sets a
point on travel path 16 at which mobile robot 101 serving as
a master unit 1s projected, as local destination 17, and
autonomously moves. Accordingly, mobile robot 102 serv-
ing as a slave unit does not travel ahead of the point on travel
path 16 at which mobile robot 101 serving as a master unit
1s projected. In other words, mobile robot 102 serving as a
slave unit never passes mobile robot 101 serving as a master
unit.

When mobile robot 101 serving as a master unit advances
along shortest path 18 and mobile robot 102 serving as a
slave unit further advances along travel path 16, intelligence
processor 10 of mobile robot 102 serving as a slave unit
determines that mobile robot 102 will collide with obstacle
19. In this case, like in mobile robot 101 serving as a master
unit, shortest path 18 for avoiding collision with obstacle 19
1s set 1n mobile robot 102 serving as a slave unit.

When mobile robot 102 serving as a slave unit advances
along travel path 16 and range sensor 4 detects obstacle 19,
like 1n mobile robot 101 serving as a master unit, shortest
path 18 to local destination 17 1s set to a path that goes
around obstacle 19. In other words, intelligence processor 10
of mobile robot 102 serving as a slave unit also determines

to perform operation for going around obstacle 19.
FIG. 15C shows a state in which obstacle 19 exists on

travel path 16. Since obstacle 19 exists on travel path 16,
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mobile robot 101 serving as a master unit calculates local
destination 17 1n the processing of Step S27 and autono-
mously moves.

At this time, the distance between the current position of
mobile robot 101 serving as a master unit and local desti-
nation 17 1s less than certain distance M, so that mobile robot
101 temporarily stops.

On the other hand, mobile robot 102 serving as a slave
unit, which has detected recognition marker 12 on the master
unit on travel path 16, calculates local destination 17 in the
processing of Step S24 and autonomously moves.

At this time, mobile robot 101 serving as a master unit
temporarily stops and the distance between the current
position of mobile robot 102 serving as a slave unit and local
destination 17 1s less than certain distance M, so that mobile
robot 102 temporarily stops.

Subsequently, 11 this obstacle 19 moves from travel path
16, obstacle 19 i1s no longer present on travel path 16 as
shown 1n FIG. 15A, so that mobile robot 101 serving as a
master unit calculates local destination 17 1n the processing
of Step S28.

At this time, since the distance between the current
position of mobile robot 101 serving as a master unit and
local destination 17 1s greater than or equal to certain
distance M, mobile robot 101 serving as a master unit
restarts to autonomously move.

Meanwhile, since mobile robot 101 serving as a master
umt restarts to autonomously move, the distance between
local destination 17 and the position of mobile robot 102
serving as a slave unit becomes greater than or equal to
certain distance M, so that mobile robot 102 serving as a
slave unit also restarts to autonomously move.

With the above-described processing, even in an environ-
ment 1 which a moving obstacle such as an air terminal
exists 1n the periphery, follow-up control on multiple mobile
robots 100 can be achieved while multiple mobile robots
100 are made travel along the same track 1n formation.

Embodiment 1 of the present invention provides a con-
figuration for identifying each mobile robot 100, 1n which
range sensor 4 detects recognition marker 12 and intelli-
gence processor 10 recognizes mobile robot 100, as
described above. However, this 1s not necessarily the case.
For example, range sensor 4 may detect the outer shape of
mobile robot 100 to acquire shape data, and thus recognize
mobile robot 100.

Embodiment 2 of the present mvention will now be
described. In the local destination calculation processing
according to Embodiment 2, the presence or absence of
mobile robot 101 within scanning range 70 of range sensor
4 1s determined based on positional information about an
object to be detected by range sensor 4 and information
about the self-positions of mobile robots 101 and 102 shared
between mobile robots 101 and 102. Here, a self-position 1s,
for example, the laterally central position of the back side of
cach of mobile robots 101 and 102 when mobile robots 101
and 102 are supposed to travel toward the front.

FIG. 17 1s a block diagram showing one example of
controller 5 according to Embodiment 2 of the present
invention. Controller 5 includes map storage 6, destination
setting processor 7, sensor data acquisition processor 8,
seli-position estimation processor 9, mtelligence processor
10, driving wheel controller 11, and communication proces-
sor 21.

map storage 6, destination setting processor 7, sensor data
acquisition processor 8, self-position estimation processor 9,
intelligence processor 10, and driving wheel controller 11
are similar to those 1n Embodiment 1.
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Communication processor 21 1s a communication appa-
ratus used for information communication between mobile
robots 101 and 102 while multiple mobile robots 101 and
102 travel 1n formation. For example, communication pro-
cessors 21 transmit/recerve information about self-positions
to/from each other.

A method of calculating local destination 17 when mobile
robots 101 and 102 according to Embodiment 2 travel in
formation will now be explained. As shown 1n FIG. 6, here,
two mobile robots 101 and 102 travel in formation as an
example.

Mobile robot 101 1s a master umt to be followed and
mobile robot 102 1s a following slave unit. Information
about self-positions estimated in self-position estimation
processor 9 1s transmitted and received between mobile
robot 101 serving as a master unit and mobile robot 102
serving as a slave unit via communication processors 21, and
mobile robots 101 and 102 share information about their
self-positions. FIG. 18 1s a flow chart showing local desti-
nation calculation processing.

In local destination calculation processing, first, intelli-
gence processor 10 determines whether or not mobile robot
101, which 1s a master unit, exists within scanning range 70
of range sensor 4 (Step S31).

Whether or not mobile robot 101 serving as a master unit
exists within scanning range 70 1s determined 1n the follow-
ing manner. First, itelligence processor 10 calculates the
distance between the self-position of mobile robot 101 and
the self-position of mobile robot 102, which are shared
between mobile robots 101 and 102. This distance 1s referred
to as “estimated distance” for convenience.

Next, based on the distance between range sensor 4 and
an object detected in the position closest to range sensor 4
within scanning range 70 of range sensor 4, intelligence
processor 10 calculates the distance between the object and
the position of mobile robot 102. This distance 1s referred to
as “detected distance” for convenience. Here, the position of
mobile robot 102 1s, for example, the laterally central
position of the back side of mobile robot 102 when mobile
robot 102 1s supposed to travel toward the front.

Finally, intelligence processor 10 determines whether or
not the difference between the estimated distance and the
detected distance 1s less than or equal to a predetermined
threshold. When the difference between the value of the
estimated distance and the value of the detected distance 1s
less than or equal to a predetermined threshold, that 1s, when
the difference between the value of the estimated distance
and the value of the detected distance i1s small or zero, it 1s
determined that mobile robot 101 serving as a master unit
exists within scanning range 70.

Through this processing, whether or not mobile robot 101
serving as a master unit exists within scanning range 70 of
range sensor 4 1s determined.

Note that intelligence processor 10 may be configured to
recognize mobile robot 101 serving as a master unit, based
on the self-position of mobile robot 101 and the self-position
ol mobile robot 102 which are shared between mobile robots
101 and 102.

FIG. 19 shows an image in which the distance between
self-position 111 of mobile robot 101 and self-position 112
of mobile robot 102, that 1s, the estimated distance matches
the distance between mobile robot 102 and the detected
object that has been detected in the position closest to range
sensor 4 within scanning range 70, that 1s, the detected
distance. When mobile robot 101 serving as a master unit
exists within scanning range 70 of range sensor 4 provided
on mobile robot 102 serving as a slave umit and seli-
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positions 111 and 112 estimated by self-position estimation
processor 9 are not deviated from the actual positions of
mobile robots 101 and 102, the distance between the
detected positions of mobile robot 101 serving as a master
unit and mobile robot 102 serving as a slave unit matches the
distance between seli-position 111 of mobile robot 101 and
self-position 112 of mobile robot 102.

Returning to description of FIG. 18, when mobile robot
101 serving as a master unit exists within scanming range 70
of range sensor 4 (Yes 1n Step S31), intelligence processor
10 determines whether or not self-position 111 of mobile
robot 101 exists on travel path 16 of mobile robot 102
serving as a slave unit (Step S32).

When 1t 1s determined that self-position 111 of mobile
robot 101 exists on travel path 16 of mobile robot 102
serving as a slave unit (Yes in Step S32), itelligence
processor 10 calculates the intersection point of mobile
robot 101 serving as a master unit and travel path 16 of
mobile robot 102 serving as a slave unit, sets the intersection
point as local destination 17 (Step S33), and terminates the
local destination calculation processing.

When 1t 1s determined that self-position 111 of mobile
robot 101 does not exist on travel path 16 of mobile robot
102 serving as a slave unit (No 1 Step S32), mtelligence
processor 10 calculates the point on the travel path 16 at
which mobile robot 101 serving as a master unit 1s projected,
sets that pomt as local destination 17 (Step S34), and
terminates the local destination calculation processing.

When 1t 1s determined that mobile robot 101 serving as a
master unit does not exist within scanning range 70 (No 1n
Step S31), intelligence processor 10 determines the presence
or absence ol any obstacle 19 other than the master unit
within scanning range 70 of range sensor 4 (Step S35).

When obstacle 19 exists within scanning range 70 of
range sensor 4 provided on mobile robot 102 serving as a
slave unit (Yes 1 Step S335), intelligence processor 10
determines whether or not obstacle 19 exists on travel path
16 of mobile robot 102 serving as a slave unit (Step S36).

When it 1s determined that obstacle 19 exists on travel
path 16 of mobile robot 102 serving as a slave unit (Yes in
Step S36), intelligence processor 10 calculates the 1ntersec-
tion point of obstacle 19 and that travel path 16, sets the
intersection point as local destination 17 (Step S37), and
terminates the local destination calculation processing.

When obstacle 19 does not exist within scanning range 70
of range sensor 4 of mobile robot 102 serving as a slave unit
(No 1 Step S35), intelligence processor 10 calculates the
position on travel path 16 a certain distance ahead, sets the
position as local destination 17 (Step S38), and terminates
the local destination calculation processing.

Similarly, when obstacle 19 detected by range sensor 4
does not exist on travel path 16 of mobile robot 102 serving
as a slave unit (No 1 Step S36), intelligence processor 10
sets local destination 17 to a position a certain distance
ahead on that travel path 16 (Step S38). However, if intel-
ligence processor 10 determines that mobile robot 102
serving as a slave umt will collide with obstacle 19 before
reaching the position on travel path 16 a certain distance
ahead, mobile robot 102 goes around obstacle 19 and travels

to local destination 17 that 1s set a certain distance ahead.
Next, a method of calculating local destination 17 1n

processing ol Steps S33, S34, 537, and S38 shown 1n FIG.

18 will be described.
FIG. 20 1s a diagram showing an image in which the
intersection point of the mobile robot 101 serving as a
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master unit and travel path 16 of mobile robot 102 serving
as a slave unit 1s set as local destination 17 by intelligence
processor 10.

As shown 1n FIG. 20, in Step S33, the intersection of
travel path 16 of mobile robot 102 serving as a slave unit and
self-position 111 of mobile robot 101 1s set as local desti-
nation 17.

FIGS. 21 to 23 are diagrams showing an image in which
self-position 111 of mobile robot 101 serving as a master
unit 1s projected at a point on travel path 16 of mobile robot
102 serving as a slave unit, and the point 1s set as local
destination 17 by itelligence processor 10.

As shown 1n FIG. 21, in Step S34, the distance between
self-position 111 of mobile robot 101 serving as a master
unit and mobile robot 102 serving as a slave unit, for
example, the center of range sensor 4 1s calculated, and an
arc having the distance as a radius and centered on the center
of range sensor 4 1s drawn. Subsequently, the intersection
point of this arc and travel path 16 of mobile robot 102
serving as a slave unit 1s set as local destination 17.

The 1ntersection point of travel path 16 and a straight line
extending perpendicularly to the travel direction of mobile
robot 100 from the position of mobile robot 100 may be set
as local destination 17. For example, as shown in FIG. 22,
a straight line passing through self-position 111 of mobile
robot 101 and extending along the back side of mobile robot
101 as viewed from mobile robot 102 serving as a slave unit
1s drawn, and the intersection point of that straight line and
travel path 16 of mobile robot 102 serving as a slave unit can
be determined as local destination 17.

Alternatively, as shown 1n FIG. 23, a perpendicular may
be drawn from self-position 111 of mobile robot 101 to
travel path 16 of mobile robot 102 serving as a slave unait,
and the 1ntersection point of the perpendicular and that travel
path 16 may be set as local destination 17.

As described above, 1n the local destination calculation
processing according to Embodiment 2, the presence or
absence of mobile robot 101 within scanning range 70 is
determined based on positional information about an object
to be detected by range sensor 4 and information about
self-positions 111 and 112 shared between mobile robots 101
and 102. Accordingly, as in Embodiment 1, even when
obstacle 19 exists on travel path 16 of mobile robot 100,
multiple mobile robots 100 can travel along the same track
in formation.

The disclosure of the specification, accompanying draw-
ings, and abstract included in Japanese Patent Application
No. 2017-152523 filed on Aug. 7, 20177 1s incorporated in

this application by reference.

INDUSTRIAL APPLICABILITY

The present invention 1s widely applicable to the field of
autonomous mobile robot or automatic driving.

REFERENCE SIGNS LIST

1 Driving wheel

2 Sub wheel

3 Mobile robot main body

4 Range sensor

5 Controller

6 Map storage

7 Destination setting processor

8 Sensor data acquisition processor
9 Self-position estimation processor
10 Intelligence processor
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11 Drniving wheel controller

12 Recognition marker

15 Destination

16 Travel path

17 Local destination

18 Shortest path

19 Obstacle

20 Mobile robot to be followed

21 Communication processor

40 Range sensor

50 Following mobile robot

70 Scanning range

100 Mobile robot

101 Mobile robot (master unit) traveling in formation
102 Mobile robot (slave unit) traveling 1n formation
111 Self-position

112 Self-position

What 1s claimed 1s:

1. A mobile body, comprising:

a map storage that stores travel path information; and

an intelligence processor that recognizes whether or not

an object i a periphery 1s a mobile body to be
followed, wherein
when the object 1s the mobile body to be followed and the
mobile body to be followed does not exist on a travel
path indicated by the travel path information, the intel-
ligence processor sets a position on the travel path 1n
which the mobile body to be followed 1s projected, as
a temporary destination,

wherein the intelligence processor sets an intersection
point of the travel path and an arc having a radius equal
to a distance between a predetermined position of the
mobile body and the mobile body to be followed and
being centered on the predetermined position, as the
temporary destination.

2. The mobile body according to claim 1, wherein

when the object 1s an obstacle and the obstacle exists on

the travel path indicated by the travel path information,
the intelligence processor sets an intersection point of
the obstacle and the travel path, as the temporary
destination.

3. The mobile body according to claim 1, wherein

when the object 1s an obstacle and the obstacle does not

exist on the travel path indicated by the travel path
information, the intelligence processor determines to
execute an operation for going around the obstacle.

4. The mobile body according to claim 1, further com-
prising a sensor that detects the object.

5. The mobile body according to claim 4, wherein

the sensor detects a recognition marker provided on a

back side of the mobile body to be followed, and

the intelligence processor recognizes the mobile body to

be followed, based on the recognition marker detected
by the sensor.

6. The mobile body according to claim 4, wherein

the sensor detects a shape of the object, and

the intelligence processor recognizes the mobile body to

be followed, based on the shape of the object detected
by the sensor.

7. The mobile body according to claim 1, further com-
prising a communication processor that recerves information
about a self-position of the mobile body to be followed,
wherein

the intelligence processor recognizes the mobile body to

be followed, based on the information about the self-
position received by the communication processor.
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8. A method of controlling a mobile body, comprising:

recognizing whether or not an object 1n a periphery 1s the
mobile body to be followed;

setting, when the object 1s the mobile body to be followed
and the mobile body to be followed does not exist on 5
a travel path indicated by travel path information, a
position on the travel path in which the mobile body to
be followed 1s projected, as a temporary destination;
and

controlling the mobile body to move towards the tempo- 10
rary destination,

wherein an mtersection point of the travel path and an arc
having a radius equal to a distance between a prede-
termined position of the mobile body and the mobile
body to be followed and being centered on the prede- 15
termined position, 1s set as the temporary destination.
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